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1  Introduction 


The  primary  scientific  goals  of  the  Surface  Wave  Dynamics  Experiment  {SWADE  )  are 
to  understand  the  dynamics  of  the  evolution  of  the  directional  wind-wave  spectrum  and  the 
effect  of  waves  on  fluxes  of  momentum,  heat,  and  mass  at  the  air-sea  interface.  During  the 
third  intensive  observation  period  (IOP-3)  opportunities  existed  to  investigate  the  effect  of 
the  directional  wave  field  on  the  response  of  various  airborne  sensors  such  as  the  scanning 
radar  altimeter  (SRA),  the  radar  ocean  wave  spectrometer,  the  scatterometer,  the  radar 
altimeter  and  the  synthetic  aperture  radar.  A  detailed  discussion  of  the  scientific  and 
experimental  objectives  as  well  as  a  description  of  the  measurement  systems  and  sensors 
can  be  found  in  Weller  et  al.  (1991).  The  experiment  began  on  October  1,  1990  and  lasted 
for  a  six-month  period  in  the  waters  off  the  DelMarVa  Peninsula.  During  three  intensive 
observation  periods  (lOPs)  in  situ  measurements  from  buoys  were  complemented  by  radar 
and  remote  sensing  observations  from  aircraft  and  a  ship. 

An  improved  understanding  of  the  evolution  of  the  directional  wave  spectrum  under 
a  variety  of  spatially  and  temporally  inhomogeneous  wind  fields  will  make  it  possible  to 
determine  and  develop  better  parameterizations  of  the  source  term  physics  in  numerical 
wind-wave  models.  Unlike  previous  field  experiments  (e.g.  JONSWAP,  ARSLOE)  SWADE 
will  provide  wind  data  from  a  spatially  dense  array  of  buoys,  which  were  deployed  between 
Cape  Hatteras  and  Cape  Cod.  The  wind  forcing  field  still  remains  the  largest  source  of 
uncertainty  in  predicting  the  directional  wave  field  and,  hence,  the  sea  state.  An  improved 
specification  of  the  wind  field  will  be  suitable  for  examining  the  physics  of  the  source  func¬ 
tions  for  wind  energy  input,  nonlinear  wave-wave  interactions,  and  dissipation  by  break¬ 
ing.  In  addition  the  SWADE  measuring  systems  included  five  buoys  recording  continuous 
(hourly)  estimates  of  directional  wave  spectra  as  well  as  three  aircraft  and  one  ship  during 
the  third  lOP. 

SWADE  identified  several  storm  situations  that  were  expected  to  occur  during  the 
project  period.  These  included  cold  air  outbreaks  featuring  large  wind  shifts;  steady,  off¬ 
shore  blowing  winds;  long  fetch  conditions  from  the  northeast;  and  cyclones  developing 
from  the  south  and  moving  northward  over  the  SWADE  area.  Meteorological  conditions 
during  the  final  intensive  measurement  period  were  primarily  marked  by  persistent  south 
and  southwesterly  winds.  Those  conditions  were  interrupted  by  passages  of  two  cold  fronts 
toward  the  end  of  the  lOP.  Wind  speeds  ranged  from  about  5  to  15  ms~^  and  wave  heights 
reached  up  to  6  m.  Of  greater  significance  was  the  movement  of  the  Gulf  Stream  toward 
the  west  and  the  emergence  of  a  ring  in  the  center  of  the  SWADE  measurement  array.  At 
that  time,  the  directional  wave  field  became  far  more  complicated,  with  multi-modal  sea 
states  and  steeper  and  shorter  waves  resulting  from  wave- current  interactions. 

In  Chapter  2  a  summary  is  presented  of  several  remote  and  in-situ  measurements  from 
airborne,  shipborne,  and  buoy-based  sensors.  Brief  descriptions  of  the  third-generation 
wave  model  (WAM)  and  the  grid  domains  used  during  SWADE  are  given  in  Chapter  3; 
the  six  wind  fields  are  briefly  described  in  Chapter  4;  the  model  currents  are  described 
in  Chapter  5.  Appendix  A  presents  time  series  of  meteorological  and  wave  parameters. 
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Appendix  B  contains  plots  of  directional  wave  spectra,  Appendix  C  presents  maps  of  the 
modeUed  surface  current  fields,  Appendix  D  consists  of  maps  of  wind  vector  fields  and  the 
associated  wave  hindcasts,  and  infrared  images  of  sea  surface  temperature  are  contained  in 
Appendix  E. 
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2  Measurements 

SWADE  Buoys 

In  addition  to  the  existing  operational  network  of  buoys  maintained  by  the  National  Data 
Buoy  Center  (NDBC),  SWADE  deployed  two  3-m  discus  buoys  with  several  modihcations 
to  their  measuring  capability,  four  MiniMet  meteorological  buoys,  and  one  WAVESCAN 
directional  wave  buoy  provided  by  SEATEX,  Norway.  The  modified  Mills-cross  array  was 
designed  to  provide  spatial  estimates  of  the  variation  in  wave,  wind,  and  flux  data.  At  its 
center  was  the  Brookhaven  Spar  buoy,  which  was  replaced  after  it  sank  during  the  October 
Storm  (October  26,  1990)  by  another  3-m  discus  buoy  provided  by  NDBC  and  by  the 
SWATH  (Small  Water  Plane  Area  -  Twin  Hull)  ship,  Frederick  G.  Greedy  from  the  Canadian 
Department  of  Fisheries  and  Oceans.  The  SWATH  was  used  as  a  mobile  research  platform 
and  with  its  special  equipment  could  perform  almost  all  tasks  expected  of  the  Spar  (Donelan 
et  al.  1992).  The  U.S.  Army  Engineer  Waterways  Experiment  Station  Coastal  Engineering 
Research  Center  (CERC)  and  the  Woods  Hole  Oceanographic  Institution  also  contributed 
to  SWADE,  each  providing  a  3-m  discus  buoy.  Drawings  of  all  of  the  buoys  can  be  found  in 
Caruso  et  al.  (1993).  Figure  1  shows  an  update  of  the  locations  of  the  SWADE  experimental 
measurement  array  during  IOP-3.  Table  1  summarizes  the  deployment  logistics  for  these 
buoys. 


Table  1 

Buoy  Positions  and  Logistics  for  SWADE  IOP>3 

Station 

WMOCode 

UrtKiide 

tonglliicie 

Depth 

Comments 

D-East 

44015 

37°  29.0’  N 

73°  23.9  W 

2.489  m 

Reset  on  1-24-91 

D-North 

44001 

38°  22.1 ’N 

73°  38.9’  W 

115m 

0-Central 

44023 

37°  32.1’  N 

74°  23.5’  W 

102  m 

Deployed  on  1-14-91 

Exp.  Buoy 

44024 

37°  41  .VN 

74°  42.9’  W 

49  m 

Deployed  on  1-14-91 

MET-1 

41012 

41014 

32°  37.8’  N 

73°  57.0’  W 

4.572  m 

Adfill  on  10-3-90 

Recovered  4-5-91 

MET'3 

44016 

44020 

37°  59.9'  N 

72°  54.7’  W 

2.617  m 

Equipped  with  Wolan 

CERC 

44014 

36°  35.0’  N 

74°  50.0’  W 

48m 

Data  from  the  buoys  listed  above  as  well  as  all  NDBC  buoys  and  C-MAN  (Coastal- 
Marine  Automated  Network)  stations  along  the  east  coast  are  available  for  the  entire 
SWADE  experimental  period  and  have  been  archived  at  the  National  Aeronautics  and 
Space  Administration  (NASA)/Wallops  Data  Archive  Center  (Oberholtzer  and  Donelan 
1993).  The  NDBC  portion  of  the  buoy  instrumentation  transmits  hourly  values  of  wind 
speed  and  direction  (two  sensors),  atmospheric  pressure,  air  and  water  temperature,  sig¬ 
nificant  wave  height,  and  average  and  dominant  wave  period.  In  addition,  the  covariance 
spectra  for  directional  wave  data  as  a  function  of  frequency  are  also  transmitted.  The 
Canada  Centre  for  Inland  Waters  motion  sensor  packages  and  K-Gill  anemometers  sampled 


Chapter  2  Measuremenls 


3 


NDBC  AND  SWADE  BUOY  LOCATIONS 


Figure  1:  Geographic  location  of  the  SWADE  program  and  the  positions  of  the  buoys  during 
IOP-3.  The  mean  (solid)  and  one  standard  deviation  (dashed)  positions  of  the  “North  Wall”  of  the 
GuH  Stream  are  also  shown 
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data  continuously  at  1  Hz  and  stored  the  data  internally  on  five  120-MB  laser  disks.  A 
sunamary  of  the  sampling  interval,  recording  period,  and  system  accuracy  of  the  NDBC 
sensors  is  presented  in  Table  2.  For  details  on  the  buoy  sensors  and  calibration  procedures, 
the  reader  is  referred  to  Steele,  Teng,  and  Wang  (1992). 

In  Appendix  A,  time  history  plots  of  wind  speed  and  direction,  significant  wave  height, 
peak  wave  period,  atmospheric  pressure,  and  air  amd  sea  temperature  are  presented  for 
IOP-3  from  SWADE  buoys  D-East,  D-North,  D-Central,  and  CERC  (44014).  In  addition, 
time  series  of  these  variables  aire  also  shown  for  buoys  41001,  44004,  44008,  44009,  44011, 
44012,  the  C-MAN  stations  DSLN7,  CHLV2  and  BUZM3,  and  the  MiniMet  buoys  MET-1 
and  MET-3. 

In  Appendix  B,  plots  of  the  directional  wave  spectra  and  the  associated  one- dimensional 
frequency  spectra  are  presented  for  buoys  D-East,  D-North,  D-Central  and  CERC  (44014) 
every  3  hr  from  25  February  1991,  03:00  GMT  to  9  March  1991,  00:00  GMT  during  lOP- 
3.  The  directional  wave  spectra  were  computed  with  the  maximum-likelihood  technique 
described  in  Drennan,  Graber,  and  Donelan  (1993). 


Table  2 

Measurement  Characteristics  of  Meteorological  Variables 
on  NDBC  3-m  Discus  Buoys  (after  Steele  et  al.  (1992)) 


Parameter 

Range 

neeotutlon 

Sampte 

period 

Total  ayatem 

accuracy 

Wind  speed 

0-80  ms~^ 

0.1  ms“^ 

1  sec 

8  min 

±1  ms"^  or  10% 

Wmddrection 

0-360° 

1° 

1  sec 

8  min 

±10° 

Wind  gust* 

0-80  ms“^ 

0.1  ms“^ 

1  sec 

5sec 

±1  ms”^  or  10% 

Air  temperature 

-<t0  to  50  °C 

0.5  °C 

90  sec 

90  sec 

±1°C 

Sea  surface  temperature 

-15  to  50  °C 

0.5  °C 

1  sec 

1  sec 

±1°C 

Barometric  pressure 

900-1100  hPa(mb) 

0.1  hPa  (mb) 

4sec 

8  min 

±1hPa(mb) 

*  Highest  5-sec  window  average 


SWATH  Ship 

The  Frederick  G.  Creed,  a  SWATH  ship  operated  by  the  Canadian  Department  of  Fish¬ 
eries  and  Oceans,  was  deployed  during  SWADE  to  carry  out  in  situ  high  resolution  mete¬ 
orological  and  wave  measurements.  Only  20  m  long  by  10  m  wide,  the  Creed  was  designed 
to  cruise  at  speeds  up  to  13  ms~^ .  Its  hull  is  very  streamlined  and  produces  minimal  flow 
disturbance  at  the  water  surface  (Figure  2  ). 

For  the  purposes  of  SWADE  ,  a  variety  of  special  equipment  was  added  to  the  Creed. 
A  9-m  mast  located  on  the  foredeck  held  the  meteorological  equipment.  This  included  K- 
Gill  and  propeller  anemometers,  two  pairs  of  wet/dry  bulb  thermometers,  Lyman-a  and 
Rotronics  humidiometers,  thermocouples,  and  a  rain  gauge.  Radiometers  were  mounted 
on  a  smaller  mast  behind  the  cabin  and  a  barograph  was  inside  the  bridge.  Additional 
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Radiometers 


Figure  2:  SWATH  ship  Frederick  G.  Creed  configured  and  equipped  for  SWADE  with  speciai 
seneors  to  measure  meteorological  and  wave  parameters  during  iOP*3 
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meteorological  measurements  were  made  from  instruments  attached  to  23  balloons  launched 
from  the  Creed,  and  these  measurements  are  summarized  in  Howard  (1993). 

A  sprit  reaching  2  m  fore  of  the  bow  held  an  array  of  wave  staffs  and  an  acoustic  current 
meter  for  the  estimation  of  wave  directional  spectra  and  the  kinetic  energy  dissipation  in 
the  near  surface  meters.  The  original  array  of  six  capacitance  wave  gauges  and  the  three- 
axis  acoustic  current  meter  were  lost  on  27  February  1991.  An  array  of  three  staffs  was 
employed  for  the  remaining  duration  of  SWADE  .  Current  profiles  were  made  using  an 
Acoustic  Doppler  Current  Profiler  (ADCP)  mounted  off  the  stern  of  the  ship.  The  six 
components  of  ship  motion  (heave,  pitch,  roll,  yaw,  surge,  and  sway),  required  for  the 
estimation  of  both  surface  fluxes  and  wave  directional  spectra  were  recorded  with  a  motion 
sensor  package  and  compass,  both  located  near  the  bow  of  the  ship.  The  ship’s  position 
was  measured  using  a  global  positioning  system  recorder. 

During  IOP-3,  the  Creed  carried  out  three  cruises  each  lasting  approximately  three  days. 
Figures  3,  4,  and  5  show  the  ship  track  of  these  cruises  by  ihe  Creed  and  the  locations 
where  data  were  collected.  Mean  meteorological  data  were  recorded  almost  continuously 
during  these  periods  (see  Table  3).  High-frequency  (20  Hz)  data  were  collected  in  two 
modes,  “fast"  and  “slow”  referring  to  the  cruising  speed  of  the  Creed.  In  the  slow  mode, 
typically  2-3  ms~^,  the  ship  travelled  into  the  wind  with  aU  sensors  deployed.  In  the  fast 
mode,  measurements  were  often  secondary  to  travel;  the  bow  array  was  removed  from  the 
water  and  the  ship  followed  its  course,  independent  of  the  wind  direction,  at  speeds  of  up  to 
8  ms~^.  The  time  intervals  (30  min  in  duration)  when  data  were  collected  appear  in  Table 
3. 


Two  principal  measurements  made  from  the  Frederick  G.  Creed  were  those  of  surface 
fluxes  and  wave  directional  spectra.  The  algorithm  described  in  Katsaros,  Donelan,  and 
Drennan  (1993)  (see  also  Anctil  et  al.  (1993))  was  used  to  determine  surface  fluxes  of 
momentum,  heat,  and  water  vapour  via  the  eddy-correlation  technique.  Examples,  along 
with  comparisons  of  fluxes  derived  via  the  inertial  dissipation  method,  are  given  in  Katsaros, 
Donelan,  and  Drennan  (1993).  Estimates  of  wave  directional  spectra  were  determined  using 
the  algorithm  of  Drennan  et  al.  (in  preparation);  preliminary  results  were  presented  in 
Donelan  et  al.  (1992).  Figure  6  shows  four  examples  of  the  directional  wave  spectra 
collected  from  the  wire  wave  gauge  array  on  the  SWATH  ship. 


Remote  Sensing 
RESSAC 

RESSAC  (“Radar  pour  I’Etude  du  Spectre  des  Surfaces  par  Analyse  Circulaire”)  is  an 
airborne  radar,  whose  main  characteristics  are  given  in  Table  4.  During  SWADE,  RESSAC 
was  installed  on  the  French  research  aircraft  “MERLIN-IV”  which  belongs  to  Meteo- France 
(French  National  Weather  Service).  For  details  about  the  system  or  the  processing  of  the 
data  the  reader  is  referred  to  Hauser  et  al.  (1992). 
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Balloon 


SWATH  Ship  Positions  during  IOP3, 25-27  February  91 


F^jure3:  Ship  track  of  Creof  for  25  -  27  February  1991.  Dots  and  heavy  lines  indicate  locations 
where  data  from  vatfous  sensors  were  collected  as  shown  in  Table  3 


10 


ChuMr  2  MMsmmenis 


SWATH  Ship  Positions  during  IOP3,  3-6  March  91 


Figure  4:  Ship  track  of  Creed  for  3  -  6  March  1991 .  Dots  and  heavy  lines  indicate  locations  where 
data  from  various  sensors  were  collected  as  shown  in  Table  3.  Note  that  sites  “A,”  “B,”  and  “C" 
specify  the  locations  of  sample  directional  wave  spectra  shown  in  Figure6 
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re'W  75'W  74^^ 

Figure  5:  Ship  track  of  Creed  for  7  •  9  March  1991 .  Dots  and  heavy  lines  indicate  locations  where 
data  from  various  sensors  were  collected  as  shown  Hi  Table  3.  Note  that  site  “D"  specifies  the 
location  of  sample  directional  wave  spectrum  shown  in  Figure  6 
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4  MAR  91,19:30  2  ("A") 

’r**'*~ 


-0.2  -0.1  0  0.1  0.2 
Vship-3.1m^,  HDQ-200  deg 


5  MAR  91,  23:30  Z("B") 


6  MAR  91, 17:30  Z("C") 


8  MAR  91,01:00  2  CD") 


-0.2  -0.1  0  0.1  0.2 
Vship-2.7m/s,  HDG-200  deg 


-0.2  -0.1  0  0.1  0.2 
Vship>2.3m/s,  HDQ«316  deg 


Figure  6:  Directional  wave  spectra  from  SWATH  sh^  measured  at  four  sites.  Specific  locations  of 
these  spectra  are  marked  in  Figures  3  and  4 
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Table  4 

RESSAC  Radar  System  Characteristics 


Syalwn  Cemponwil 


TRANSMITTCR 


PmiiMiar 


Type 

Frequency 

Power 


FM/CW 

5.35  GHz  ( C-Band) 
32mWor3400mW 


RECEIVER 


Analysis  bandwidlh 

100  kHz  (total  range  -  624  m) 

ResoUion 

250  Hz  (range  resolution  >  1 .5  m) 

Dynamic  range 

40  dB 

ArtfTENNA 


Mean  inctdence  angle 
Beam  widh  in  elevoNon 
Beam  widh  in  azimulh 
Polaiizdion 

Scanning  geometry  and  I 


3.4  deg 
HH 

Conical  at  1 


SIGNAL  MODULATION 


Upward  linear  frequency  modulation 

sawtooth 

Putse  duration 

5.71  ms 

Bandwidlh 

137  MHz 

Pulse  repetition  period 

6.1  ms 

REALTIME  PROCESSING 


FPT  analyzer  on  512  poMs 
Averaging  over  8, 16,  or  32  samples 
Recordkig  on  CCT,  includes  data  from 
Inertial  Navigation  System  o(  aircraft 
Ci.e.,  reft,  pitch,  poeftion,  speed,  headng,  drift) 


RESSAC  measures  the  radar  cross  section  of  the  surface  at  low  incidence  angles.  High 
horizontal  resolution  is  required  in  order  to  measure  the  modulation  of  the  backscattered 
signal  due  to  the  tilt  of  the  long  waves  (>  50  m  in  wavelength).  A  Fourier  analysis  of  this 
modulation  gives  a  spectrum  of  modulation  that  can  be  related  to  the  slope  spectrum  of  the 
waves  in  the  look  direction  (Hauser  et  al.  1992).  The  scanning  antenna  allows  the  retrieval 
of  the  directional  wave  spectrum  with  a  180-deg  ambiguity  in  direction. 

Data  processing  provides  directional  wave  spectra  in  terms  of  energy  density  as  a  func¬ 
tion  of  direction  and  wave  number  of  the  surface  waves.  Generally,  the  directional  spectra 
are  available  every  5  min,  and  represent  an  average  of  the  data  over  these  5  min,  which 
correspond  roughly  to  30  km  along  the  flight  track,  assuming  a  nominal  aircraft  speed  of 
100  m8~^.  Each  spectrum  is  specified  by  30  wave  numbers  and  72  directions.  Wave  num¬ 
ber  bin  size  depends  on  the  flight  altitude.  For  a  6,000-m  flight  altitude,  the  spectra  are 
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specified  for  30  equally  spaced  wave  numbers  between  4.09  xl0~^  rad  m“^  and  0.1227  rad 
in~'  at  increments  of  Ak  =  4.09  xl0~^  rad  m“^  .  The  72  directional  bands  cover  360 
deg  in  azimuth  at  5-deg  intervals,  but  the  ±180-deg  ambiguity  has  not  yet  been  removed. 
Accuracy  in  direction  and  wavelength  depends  on  the  wave  number  itself.  For  example,  a 
100-m  wavelength  is  specified  to  within  15  deg  in  azimuth  and  10  m  in  wavelength. 

From  the  data,  a  parameter  can  also  be  calculated  that  is  related  to  the  mean  square 
slope  of  the  short  waves  (of  the  order  of  a  few  tens  of  centimeters),  which  in  turn  can  be 
related  to  the  local  wind  speed. 

From  the  nine  flights  carried  out  between  27  February  and  7  March,  1991,  six  flights 
on  the  following  dates  provided  data  of  good  quality:  27  February,  2,  4,  5,  6,  and  7  March. 
However,  the  observations  on  27  February  consisted  mainly  of  short  waves  of  small  am¬ 
plitude,  for  which  the  radar  was  not  sensitive  enough  to  provide  consistent  wave  spectra. 
Table  5  presents  the  times  and  positions  of  the  directional  wave  spectra  obtained  from 
RESSAC  for  2,  4,  5,  6,  and  7  March.  An  example  of  the  two-dimensional  wave  number 
spectrum  obtained  on  4  March  1991  by  the  RESSAC  system  is  presented  in  Figure  7  .  A 
detailed  analysis  of  this  data  set  near  the  Gulf  Stream  is  discussed  in  Hauser,  Caudal,  and 
Shay  (1993)  which  shows  that  the  RESSAC  could  also  be  used  as  a  scatterometer  to  study 
small-scale  variations  in  the  wind  field. 

Scanning  radar  altimeter  (SRA) 

The  NASA/Goddard  Space  Flight  Center  (GSFC)  has  a  long  history  of  measuring  the 
directional  wave  spectrum  using  the  Surface  Contour  Radar  (SCR)  (Walsh  et  al.  1985, 
1989).  SRA,  which  is  a  mode  of  the  36-GHz  GSFC  Multimode  Airborne  Radar  Altimeter 
(Parsons  and  Walsh  1989),  has  replaced  the  SCR  as  the  instrument  of  choice  in  the  mea¬ 
surement  of  sea  surface  directional  wave  spectra.  Both  the  SCR  and  SRA  scan  a  narrow 
beam  across  the  aircraft  ground  track,  but  the  SRA  has  higher  power  and  a  wider  swath. 
It  measures  the  slant  range  to  64  points  (versus  51  for  the  SCR)  evenly  spaced  across  the 
swath  (at  8-m  intervals  for  a  640-m  altitude),  converts  them  to  surface  elevations,  and  as 
the  aircraft  advances  at  a  nominal  speed  of  100  ms~^,  displays  the  false-color  coded  topog¬ 
raphy  on  a  monitor  in  real  time.  This  grid  of  surface  topography  represents  a  snapshot 
of  the  wave  field  with  along-track  spacing  of  12-13  m  between  points.  The  data  over  an 
along-track  distance  of  5-6  km  and  a  cross-track  swath  of  about  520  m  are  transformed  into 
directional  wave  spectra  by  a  two-dimensional  Fast  Fourier  Transform  (FFT). 

The  two-dimensional  FFT  of  the  wave  topography  produces  an  encounter  spectrum 
in  wave  number  space.  This  encounter  spectrum  must  be  Doppler  corrected  because  of 
the  finite  time  it  takes  the  aircraft  to  acquire  the  data.  The  Doppler  corrections  and 
the  transformation  into  the  frequency  domain  are  derived  by  assuming  a  linear  dispersion 
relationship,  and  ignoring  any  effect  of  ocean  current  (Walsh  et  al.  1985).  Doppler  shifts 
in  frequency  (or  wave  number)  by  the  ocean  currents  (maximum  '^2  ms~^)  are  at  least  of 
second-order  in  this  correction  compared  to  the  speed  of  the  aircraft  (-^100  ms~^). 

Figure  8  shows  the  flight  tracks  of  the  surface  radar  altimeter  for  27  and  28  February, 
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Tables 

Positions  and  Times  of  RESSAC  Directional  Wave  Spectra. 


16:23:04 

16:32:56 

16:52:33 

17:04:21 


1628:00 

16:38:51 

16:57:29 

17:09:14 


36.48 

-73.75 

36.58 

-74.41 

36.70 

-74.83 

37.58 

-74.44 

2M«rah1M1 


1628:00 

16:38:51 

16:57:29 


16:32:56 

16:43:48 

17:04:21 


4  March ' 


SMarch- 


11:50:04 

11:56:51 

36.91 

-75.28 

11:56:51 

12:01:52 

36.65 

-74.96 

12:01:52 

12:03:04 

36.47 

•74.88 

12:41:05 

12:46:01 

35.58 

-72.20 

12:46:01 

12:50:56 

35.33 

-72.02 

12:50:56 

12:53:47 

35.13 

-71.89 

12:57:31 

13:02:28 

35.04 

•72.16 

13:02.28 

13:07:24 

35.04 

-72.45 

13:07:24 

13:12:22 

35.04 

•72.74 

13:12:22 

13:17:16 

35.04 

-73.04 

13:17:16 

1322:12 

35.04 

•73.33 

1322:12 

13:27:01 

35.05 

-73.63 

13:30:20 

13:35:18 

35.37 

-73.62 

13:35:18 

13:41:16 

35.71 

-73.34 

13:41:16 

13:46:14 

36.05 

•73.08 

13:46:14 

13:48:39 

36.29 

-72.91 

13:50:03 

13:55:02 

36.58 

-72.99 

13:55:02 

14:00:01 

36.83 

•73.21 

14:12:02 

14:17:04 

37.08 

-74.28 

14:17:04 

1424:06 

37.09 

•74.71 

14:24:06 

1429:07 

37.06 

-75.04 

SMaroh ' 


14:18:32 

1425.20 

36.58 

1428:56 

14:33:49 

36.72 

-74.78 

14:35:50 

14:40:42 

36.91 

14:40:42 

14:45:31 

37.18 

-74.48 

14:S9.(» 

15:04.00 

37.90 

-74.34 

15:04.00 

15:08:48 

37.78 

-74.02 

15:08:48 

15:13:37 

37.65 

-73.71 

15:13:37 

15:18:27 

37.51 

-73.39 

15:34:56 

15:39:46 

38.12 

-73.12 

15:39:46 

15:45:30 

36.29 

-73.37 

15:45:30 

15:52:14 

38.48 

-73.66 

7Mareh1991 

17:04:12 

17:12:08 

37.71 

-74.89 

17:12:08 

17:16:18 

37.52 

-74.35 

17:21:09 

1726:04 

37.39 

-74.06 

1726:04 

17:30:57 

37.47 

-74.28 

17:30:57 

17:35:51 

37.56 

-74.49 

17:43:45 

17:48:41 

37.60 

-74.56 

17:48:41 

17:53:36 

37.44 

-74.10 

17:53:36 

17:58:31 

37.26 

-73.62 

17:58:31 

18:07:50 

37.10 

-72.95 

18:07:50 

18:14:45 

37.37 

-72.70 

18:28:15 

18:33:14 

38.17 

-73.27 

1823:14 

18:38:13 

38.31 

-73.48 

18:38:13 

18:43:11 

38.43 

-73.67 

18:43:11 

18:49:10 

38.55 

-73.87 

18:49:10 

18:55:09 

38.70 

-74.14 

19:00:58 

19:06:00 

38.64 

-74.59 

19:06:00 

19:11:00 

38.39 

-74.74 

19:11:00 

19:16:01 

38.14 

-74.89 
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and  1,  2,  4,  5  and  7  March  1991.  The  tracks  also  indicate  the  locations  of  directional 
wave  meeisurements  during  these  flights.  Two  examples  of  the  directional  wave  number  and 
corresponding  frequency  spectra  are  shown  in  Figure  9  from  the  flight  on  5  March  1991. 

Airborne  expendable  current  profiler 

During  the  IOP-3  in  SWADE  slow-fall  Airborne  expendable  Current  Profilers  (AX- 
CPs)  and  Airborne  expendable  BathyThermographs  (AXBTs)  were  deployed  during  an 
SRA  flight  from  the  NASA  N1'-3A  research  aircraft  on  5  March  1991.  The  AXCPs  and 
AXBTs  provided  a  high-resolution,  three-dimensional  snapshot  of  the  ocean  current  and 
temperature  structure  in  the  vicinity  of  the  Gulf  Stream. 

A  total  of  23  slow-fall  AXCPs  and  10  AXBTs  were  deployed  at  30-km  intervals  in  a 
star-like  pattern  skewed  toward  the  warm  side  of  the  Gulf  Stream  (Figure  10  ).  Of  the  33 
AXCPs  and  AXBTs  deployed  on  this  flight,  oceanographic  data  were  telemetered  to  the 
aircraft  from  30  of  the  probes  for  a  success  rate  of  90  percent  (Table  6).  Four  of  the  AXCPs 
only  provided  data  in  the  upper  70-90  m  (instead  of  250  m)  and  a  few  profiles  contained 
noisy  temperatures.  The  last  AXCP  was  deployed  within  2  km  of  the  Frederic  G.  Creed 
and  an  ADCP  current  profile  in  the  warm  core  ring  located  toward  the  northwest  of  the 
Gulf  Stream.  In  Figure  11  the  observed  near-surface  current  vectors  are  displayed  from 
the  AXCP  drops  and  ADCP  on  5  March  1991.  After  removal  of  the  depth-averaged  flow 
from  the  ADCP  profile,  the  comparison  to  the  closest  AXCP  revealed  correlations  of  0.87 
and  0.96  between  the  horizontal  velocity  components  with  rms  errors  of  2.3  and  2.7  cm  s~^ 
(Shay  1993). 

The  AXCP  is  the  airborne  version  of  the  XCP  that  senses  the  ocean’s  relative  velocity 
by  measuring  the  motion-induced  voltage  difference  between  two  electrodes  spaced  5  cm 
apart  (Sanford  et  al.  1982).  The  XCP  accurately  samples  the  baroclinic  current  structure 
relative  to  an  unknown,  but  depth-independent  velodty  with  tttis  errors  of  1-2  cm  s"^  over 
2-  to  3-m  depth  intervals.  Although  the  depth-independent  component  is  not  resolved  by 
the  AXCP,  the  barotropic  flow  is  about  0.1-0.2  ms~^  in  the  Gulf  Stream  (Halkin  and  Rossby 
1985)  or  at  most  5-10  percent  of  the  total  baroclinic  signal  of  2  ms~^.  The  AXCPs  deployed 
in  SWADE  were  modified  to  fall  slowly  at  a  rate  of  2.2  ms~^  to  resolve  the  upper  ocean 
currents  and  temperatures  (to  250  m),  and  the  orbital  velocities  of  the  low-frequency  surface 
wave  components.  A  summary  of  the  results  from  SWADE  are  described  in  Shay  (1993). 
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Figure  8:  (Concluded) 
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Wavenumber  spectrum 


Frequency  spectrum 
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Figure  9:  Directional  wave  number  and  frequency  spectra  from  the  surface  radar  altimeter  on  5 
March  1991 .  Circles  in  the  wavenumber  plots  correspond  to  wavelengths  at  50, 100  and  200  m 
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Tables 

Times  and  Positions  of  AXCPs  (CP)  and  AXBTs  (BT) 
Deployed  on  5  March  1991  from  the  NASA  NP-3A 

Drop 

Time 

LAT 

LONS 

TVP* 

ContiMnes 

No. 

lire 

01 

1755 

37“  34.70‘  N 

71°  53.60'  W 

CP 

RF/AF  Failures:  No  Data 

02 

1813 

37“  20.50'  N 

72°  06.60'  W 

BT 

03 

1817 

37“  05.30*  N 

72°  17.00'  W 

CP 

70m 

04 

1824 

36“  51.20'  N 

72°  26.60'  W 

BT 

05 

1827 

36“  37.40'  N 

72°  36.20'  W 

CP 

06 

1837 

36“  07.40'  N 

72°  56.70'  W 

CP 

90m 

07 

1842 

35“  53.10’  N 

73°  06.80'  W 

CP 

RF/AF  Failures:  No  Data 

08 

1847 

35“  37.20'  N 

73°  14.50'  W 

CP 

Variable  Rotation  Rale 

09 

1852 

35“  24.30'  N 

73°  24.20'  W 

CP 

10 

1858 

35“  07.80'  N 

73°  34.40'  W 

BT 

11 

2002 

36“  21.80'  N 

71°  25.30'  W 

CP 

12 

2007 

36“  22.00'  N 

71“  44.80'  W 

BT 

13 

2012 

36“  22.40'  N 

72°  05.20'  W 

CP 

75m 

14 

2017 

36“  22.70’  N 

72“  25.00'  W 

CP 

15 

2022 

38“  22.70'  N 

72“  44.80*  W 

CP 

16 

2027 

36“  22.70’  N 

73°  05.10'  W 

CP 

17 

2032 

36“  22.50'  N 

73°  25.10'  W 

CP 

85m 

18 

2037 

36“  22.10'  N 

73°  44.80'  W 

CP 

19 

2042 

38“  21.70’ N 

74°  05.20'  W 

BT 

20 

2047 

36“  21 .10’ N 

74°  K.20'  W 

CP 

21 

2057 

36“  22.20'  N 

74°  42.70'  W 

BT 

22 

2120 

35“  32.10'  N 

73°  29.70'  W 

BT 

23 

2148 

35“  07.40'  N 

71°  54.90'  W 

BT 

24 

2153 

35“  20.30'  N 

72°  03.80’  W 

CP 

25 

2201 

35“  34.80'  N 

72°  14.10’  W 

BT 

26 

2204 

35°  48.80'  N 

72°  24.90’  W 

CP 

T(z)  Noisy 

27 

2209 

36“  04.10'  N 

72°  35.30’  W 

CP 

28 

2219 

36“  31.90  ' N 

72°  55.70’  W 

CP 

29 

2224 

36“  44.40'  N 

73°  07.50’  W 

CP 

T(z)  Noisy 

30 

2230 

36°  48.90'  N 

73°  3350’  W 

CP 

T(z)  Noisy 

31 

2235 

36°  52.60'  N 

73°  53.00’  W 

CP 

32 

2241 

38°  57.30'  N 

74°  06.90’  W 

CP 

33 

2244 

37°  07.20'  N 

74°  23.80'  W 

BT 

RF/AF  Failures:  No  Data 

Chapter  2  MMSurwiwnls 


AXCP  and  AXBT  DEPLOYMENTS 


rerw  74’w  7Z 

Figure  10:  AXCP  and  AXBT  deployments  in  a  star-li^e  pattern  along  three  flight  tracks  of  the  NASA 
NP-3A  at  30-km  intervals  along  transects  A-A’,  B-B’  and  C-C’ 
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AXCP  and  ADCP  Surface  Currents  on  March  5, 1991 


Figure  11:  Current  vectors  from  the  AXCPs  and  AOCP  deployed  along  all  sections  on  5  March 
1991  (cf.  Figure  8).  Current  vectors  originating  in  a  dot  near  Discus  “Central”  were  obtained  from 
the  near-eurfaoe  bin  of  the  ADCP  during  the  SWATH  ship  cruises  (courtesy  of  Charles  N.  Flagg, 
Brookhaven  National  Laboratory,  Upton,  NY.) 
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Infrared  imagery 

Daily  images  of  “sea  surface  temperature"  were  collected  from  the  Advanced  Very* High 
Resolution  Radiometer  (AVHRR)  on  board  the  National  Oceanic  and  Atmospheric  Ad¬ 
ministration  (NOAA)  satellites  NOAA-10,  -11,  and  -12.  The  full-resolution  images  (1024  x 
1024  pixels)  cover  the  U.S.  east  coast  from  about  latitude  23°N  to  48“N  and  longitude  52°W 
to  82®W  on  a  Mercator  projection  with  center  latitude  and  longitude  of  36.5“N  and  67.0°W. 
Spatial  and  temperature  resolution  of  the  images  are  approximately  1  km  and  0.125  °C, 
respectively,  from  pixel  to  pixel  (Cornillon  et  al.  1988).  There  are  several  pa.sses  (ascending 
and  descending)  primarily  from  NOAA-10  per  day  over  the  SWADE  experimental  area. 
Some  passes  cover  the  area  of  interest  only  partially  within  the  illuminated  satellite  field  of 
view.  For  SWADE  the  optimal  daily  coverage  typically  occurred  in  the  early  morning  and 
late  afternoon  hours. 

Appendix  E  shows  selected  color  images  of  sea  surface  temperature  on  mostly  cloud-free 
days  over  the  SWADE  domain.  The  images  are  extracted  from  the  full-resolution  images 
and  cover  the  SWADE  domain  from  about  latitude  32“N  to  43°N  and  longitude  66“W  to 
80“W. 
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3  Ocean  Wave  Modelling  and  Grid  Domains 

Numerical  modelling  plays  a  complementary  role  in  achieving  the  goals  of  SWADE.  A 
particular  objective  is  to  examine  the  usefulness  of  a  wave  model  as  an  analysis  tool  and 
a  general  objective  is  to  validate  wave  models  with  the  high  quality  wave  data  sets  from 
SWADE.  Furthermore,  a  comparison  of  measured  and  modelled  source  physics  and  the  ef¬ 
fect  of  incorporating  wave-current  interaction  will  provide  additional  evidence  for  refinement 
of  numerical  models. 

The  principal  ocean  wave  prediction  model  used  for  these  simulations  is  the  third- 
generation  WAM  model  (The  WAMDI-Group  1988),  which  computes  the  directional  wave 
spectrum  by  integration  of  the  energy  transport  equation  without  prior  specification  of  the 
spectral  shape.  There  are  25  frequency  bands  from  0.0418  to  0.4114  Hz  in  logarithmic 
equally  spaced  increments  and  24  directional  bins  at  15-deg  intervals.  Wind  fields  are  in¬ 
ternally  interpolated  onto  the  model  grids  and  initially  converted  to  friction  velocities  using 
the  wind-speed-dependent  drag  coefficient  described  in  Wu  (1982).  Growth  and  dissipation 
terms  are  computed  based  on  a  simple  coupling  of  the  air-sea  dynamics  following  the  wind- 
wave  generation  theory  of  Janssen  (1989, 1991).  The  resulting  growth  rate  depends  on  both 
the  friction  velocity  and  the  roughness  length  produced  by  the  waves  themselves. 

Several  forecast  (Jensen,  Graber,  and  Caruso  1991)  and  hindcast  (Graber,  Caruso,  and 
Jensen  1991)  studies  for  the  SWADE  lOPs  have  been  carried  out  with  WAM  Cycles  2, 
3,  3.5,  and  most  recently  4  (Gunther,  Hasselmann,  and  Janssen  1991),  where  the  later 
versions  include  options  for  nested  grids  to  specify  proper  boundary  conditions  as  would 
arise  in  situations  when  swell  is  propagating  into  the  model  domain,  and  for  time  and 
spatially  varying  currents  to  study  wave-current  interactions.  More  detailed  studies  are 
presently  under  way  by  the  SWADE  modelling  team  to  investigate  (1)  sources  of  errors 
attributed  to  wind  field  specification;  (2)  differences  in  source  term  physics  and  grid  nesting; 
and  (3)  the  inclusion  of  depth-dependent  wave  physics  and  the  influence  of  wave-current 
interaction.  Model  output  fields  include  maps  of  significant  wave  height,  mean  wave  period, 
mean  wave  direction,  swell  wave  height,  swell  period  and  swell  direction.  In  addition,  two- 
dimensional  wave  spectra  are  produced  at  selected  output  points  near  buoy  stations  within 
the  SWADE  experimental  area. 

A  hierarchy  of  model  grids  was  designed  for  SWADE  to  examine  the  wave  physics  at 
different  spatial  and  temporal  scales,  and  the  usefulness  of  a  nested  system.  Each  grid 
fulfills  a  specific  function  and  provides  results  that  can  be  used  to  accomplish  the  goals  of 
the  experiment.  Pictorials  of  the  grids  are  shown  in  Caruso  et  al.  (1993).  The  WAM  model 
has  been  implemented  in  spherical  coordinates  on  three  grids  described  previously  (Weller 
et  al.  1991). 

Atlantic  Basin  Model 

The  basin  scale  grid  covers  the  entire  North  and  South  Atlantic  Oceans  and  extends  from 
latitude  63“ S  to  72“N  and  from  longitude  100“ W  to  34“E  in  1-deg  increments.  The  primary 
purpose  of  this  grid  is  to  accurately  simulate  northward-propagating  swell  originating  in  the 
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southern  ocean  and  provide  boundary  conditions  for  the  regional  scale  model.  Also,  wave 
height  maps  provide  some  overview  of  storm  activities  in  both  Atlantic  basins.  Output 
results  will  show  the  quality  of  the  synoptic  scale  forecast  and  provide  some  indication  of 
subscale  variability. 

Western  North  Atlantic  Model 

This  medium- resolution  grid  covers  the  Western  North  Atlantic  from  latitude  24°N  to 
48°N  and  from  longitude  82° W  to  52° W  in  0.25-deg  increments.  The  purpose  of  this  model 
grid  is  to  provide  high  quality  wind  and  wave  analyses  for  evaluation  of  SWADE  scientific 
objectives  and  for  assessing  sources  and  magnitudes  of  errors  in  the  wind  held  specification. 

SWADE  Model 

This  high-resolution  grid  was  designed  to  simulate  the  small  scale  wave  physics  and  to 
improve  and  verify  the  source  term  physics.  The  grid  extends  from  latitude  35°N  to  42°N 
and  from  land  to  longitude  70°W  in  0.083-deg  increments.  The  measured  meteorology 
and  various  interpolation  and  assimilation  schemes  will  be  used  to  provide  winds  for  these 
simulations. 
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4  Wind  Fields 


Six  diiFereiit  wind  field  representations  are  available  for  this  particular  time  period.  Some 
preliminary  results  using  a  subset  of  these  wind  fields  have  been  briefly  discussed  in  Graber, 
Caruso,  and  Jensen  (1991),  and  they  indicate  considerable  differences  in  the  representations 
of  the  atmospheric  conditions.  The  set  of  wind  fields  includes  analyses  from  operational  nu¬ 
merical  weather  prediction  models  such  as  Fleet  Numerical  Oceanography  Center  (FNOC), 
European  Centre  for  Medium- Range  Weather  Forecasts  (ECMWF),  and  United  Kingdom 
Meteorological  Office  (UKMO),  objectively  interpolated  model  results  from  National  Mete¬ 
orological  Center  (NMC)  and  NASA/GSFC  and  a  manual  kinematic  analysis  from  Ocean- 
weather /Atmospheric  Environment  Service  (OW/AES).  A  brief  description  of  each  of  the 
wind  fields  is  given  below. 

Appendix  D  includes  two  maps  per  day  of  wind  vectors  and  the  corresponding  contours 
of  significant  wave  height  for  the  six  wind  field  simulations  on  the  regional  grid  for  the  entire 
IOP-3.  The  time  period  begins  on  25  February  1991, 12:00  GMT  and  ends  on  9  March  1991, 
00:00  GMT. 

FNOC 

The  FNOC  has  provided  analyzed  and  forecast  wind  stress  and  19.5-m  neutrally  sta¬ 
ble  wind  fields  derived  from  the  Navy  Operational  Global  Atmospheric  Prediction  System 
(NOGAPS)  spectral  forecast  model  (Hogan  and  Rosmond  1991).  The  predicted  winds  are 
computed  with  the  (T80)  model  system,  which  uses  80  Fourier  coefficients  and  18  vertical 
layers  from  the  surface  to  a  pressure  level  at  10  mb.  The  fields  are  spectrally  interpolated 
in  the  horizontal  to  1.5  deg.  The  NOGAPS  uses  a  planetary  boundary-Uyer  (PBL)  model 
similar  to  that  of  the  ECMWF  (Louis,  Tiedtke,  and  Geleyn  1982),  but  with  a  major  modi¬ 
fication  for  the  computation  of  surface  fluxes  when  the  PBL  is  conditionally  unstable.  The 
19.5-m  neutrally  stable  winds  are  directly  computed  from  the  wind  stress  fields  at  each  local 
grid  point  taking  into  account  atmospheric  stability  effects.  A  final,  linear  interpolation  is 
done  onto  a  spherical  grid  with  a  spatial  resolution  of  1.25°  in  latitude  and  longitude.  The 
time  interval  of  wind  and  wind  stress  fields  is  every  6  hr  starting  at  00:00. 


ECMWF 

Analyzed  10-m  wind  fields  from  the  ECMWF  generated  by  their  operational  atmospheric 
general  circulation  model  are  available  for  the  entire  SWADE  period.  These  analyzed  winds 
are  from  the  ECMWF/TOGA  (Tropical  Ocean-Global  Atmosphere)  advanced  operational 
analysis  surface  and  diagnostic  fields  data  set.  Geometrical  coverage  is  specified  on  a  (N80) 
Gaussian  grid  with  a  spatial  resolution  of  1.125°  in  latitude  and  longitude.  The  time  interval 
of  wind  fields  is  every  6  hr  beginning  at  00:00.  Analyzed  surface  pressure  fields  and  surface 
temperature  fields  are  also  available  with  the  same  spatial  and  temporal  resolution. 
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NMC/GSFC 


Two  additional  wind  field  products  are  available  from  the  NMC  and  NASA/GSFC.  Both 
wind  fields  were  derived  from  the  first-guess  fields  of  NMC’s  coarse  (2.5°  x  2.5°)  large-scale 
analysis.  In  each  case  the  observed  data  are  reinserted  into  a  high- resolution  grid  where 
grid  points  with  data  remain  unaltered,  whereas  non-data  points  are  computed  using  a 
“conditional”  relaxation  procedure. 

The  NMC  model  winds  are  generated  with  an  objective  interpolation  scheme,  which 
corrects  the  nearest  grid  point  according  to  the  data  value  and  relaxes  aU  non-data  points. 
The  method  includes  a  check  on  gross  errors.  The  fidelity  of  the  wind  field  is  determined 
by  withholding  one  piece  of  ship  data  at  a  time.  This  is  repeated  about  10  times.  The 
resulting  wind  fields  are  regridded  covering  the  regional  model  domain  with  a  resolution  of 
0.3°  in  latitude  and  0.5°  in  longitude.  The  time  interval  between  wind  fields  is  6  hr. 

The  GSFC  model  winds  are  determined  with  the  successive  correction  method,  which 
uses  seven  sweeps  over  the  model  domain  and  successively  reduces  the  area  of  influence 
in  each  pass  from  500  km  to  120  km.  Consistency  checks  and  error  minimization  are 
only  performed  at  buoy  locations.  No  additional  quality  checks  are  made  by  withholding 
individual  buoy  measurements.  The  final  output  is  a  spatially  high-resolution  wind  field  on 
a  0.25-  by  0.25-deg  grid.  The  time  interval  between  successive  wind  fields  is  every  3  hr. 

Both  methods  make  a  final  check  of  the  wind  fields  for  consistency  and  the  goodness  of 
these  winds  is  evaluated  with  root  mean  square  error  statistics. 


OW/AES 

High- resolution  wind  fields  were  developed  by  OW /AES  over  a  limited  domain,  coincid¬ 
ing  approximately  with  the  fine-mesh  SWADE  grid.  These  wind  fields  were  produced  with 
a  manual  kinematic  analysis,  originally  described  in  Cardone  et  al.  (1980),  from  pressure 
fields,  air  and  sea  surface  temperature  fields,  ship  amd  buoy  data.  All  data  are  carefully 
screened  for  inconsistencies  and  measured  winds  are  adjusted  in  height  and  corrected  with 
a  stability-dependent  surface  layer  model  to  effective  neutral  20-m-height  hourly  averages. 
Hourly  averages  of  wind  speed  and  direction  are  computed  from  three  consecutive  hourly 
buoy  observations  with  weights  of  0.25,  0.5,  and  0.25,  respectively.  Detailed  hand  analyses 
of  the  pressure  and  temperature  fields  carefully  preserves  temporal  and  spatial  continuity 
of  low  pressure  centers  and  frontal  boundaries.  Outside  of  the  limited  domain,  the  effective 
neutral  winds  are  calculated  with  the  marine  boundary  layer  model  of  Cardone  (1969). 
Time  histories  of  measured  and  modelled  and  standard  statistical  measures  of  difference 
are  used  to  evaluate  the  quality  of  the  final  wind  fields. 

The  resulting  high-resolution  winds  are  gridded  onto  a  0.5-  by  0.5-deg  grid  over  the  re¬ 
gional  model  domain  and  are  available  hourly  to  simulate  accurately  the  temporal  evolution 
of  the  storm  centers  and  frontal  systems  passing  over  the  SWADE  domain. 
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UKMO 

These  wind  fields  are  computed  from  the  coarse-mesh,  11-layer  general  atmospheric  cir¬ 
culation  model  in  operational  use  at  the  UKMO  (Bell  and  Dickinson  1986).  Global  coverage 
is  implemented  on  a  mesh  with  grid  lengths  of  1.5°  in  latitude  and  1.875°  in  longitude.  A 
6-hr  data  assimilation  cycle  is  employed,  and  physical  and  subgrid-scale  processes  are  also 
included  in  the  model  (Gilchrist  and  White  1982).  Analyzed  winds  at  the  19.5-m  height 
are  available  every  2  hr  beginning  at  00:00. 

Winds  from  the  limited-area  fine- mesh  model  are  also  available  at  hourly  intervals. 
While  the  resolution  of  the  fine- mesh  model  is  twice  that  of  the  coarse  mesh  model  {i.e., 
A0  =  0.75-deg  and  AA  =  0.9375-deg),  its  North  Atlantic  coverage  extends  only  as  far  south 
as  30°  N,  which  is  not  sufficient  for  the  Western  North  Atlantic  regional  model  grid  domain. 
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5  Surface  Currents 

Analyzed  surface  current  fields  obtained  from  Fleet  Numericcd  Oceanography  Center 
(FNOC)  were  generated  from  their  regional-scale  circulation  model  DART  (Data  Assimi¬ 
lation  Research  and  Transition),  which  uses  two  active  layers  for  the  Gulf  Stream  region. 
DART  is  initialized  from  the  dynamic  height  field  derived  from  daily  Gulf  Stream  temper¬ 
ature  (AVHRR  infrared  imagery)  and  salinity  products.  The  currents  are  given  in  terms 
of  the  U  and  V  components  [cm  s“^].  Geometrical  coverage  is  specified  on  a  spherical  grid 
domain  with  a  spatial  resolution  of  0.20°  in  latitude  and  longitude  and  is  limited  to  the 
Western  North  Atlantic  and  the  Gulf  Stream  regions.  Physical  dimensions  of  the  grid  are 
from  latitude  26.2°N  to  46.0°N  and  from  longitude  50.0°W  to  79.8°W.  The  time  interval  of 
the  surface  current  fields  is  every  6  hr  beginning  at  00:00. 

Daily  maps  of  the  surface  currents  within  the  fine-mesh  SWADE  model  grid  for  IOP-3 
are  shown  in  Appendix  C  from  25  February  1991,  00:00  GMT  to  9  March  1991,  00:00  GMT. 
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6  Summary 

This  report  provides  a  summary  of  wind,  wave,  current,  and  meteorological  measure¬ 
ments  during  the  third  intensive  observation  period  (IOP-3)  of  the  SWADE  .  The  time 
series  of  wind,  wave,  and  meteorological  parameters  provide  a  guide  to  the  availability  of 
the  numerous  observations  during  IOP-3  and  a  first  look  at  the  temporal  and  spatial  vari¬ 
ability  of  Gulf  Stream  and  eddy  dynamics  impinging  on  the  SWADE  array  and  the  passage 
of  two  cold  air  outbreaks.  Hindcast  results  from  the  third-generation  ocean  wave  model 
(WAM)  with  six  different  wind  fields  are  intended  to  show  the  diverse  representation  of 
the  steady  southwesterly  flow  and  the  frontal  passages  as  well  as  a  description  of  the  larger 
scale  meteorological  and  sea  state  conditions  during  IOP-3. 

Two  complementao'y  reports  describe  general  observations  on  the  meteorological  and 
oceanographic  conditions  for  IOP-1  (Caruso  et  al.  1993)  and  IOP-2  (Caruso  et  al.  (in 
preparation)). 
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Appendix  A:  Time  Series  from  SWADE  and  NDBC  Buoys 

Time  series  plots  of  the  observed  data  are  presented  in  this  appendix  in  the  following 
sequence: 

1.  Directional  Wave  Buoys 

•  Discus  Buoy  “North”  (44001) 

•  Discus  Buoy  “East”  (44015) 

•  Discus  Buoy  “Central”  (44023) 

•  Discus  Buoy  “CERC”  (44014) 

2.  Non-directional  Buoys  and  C-MAN  Stations 

•  Buoy  41001 

•  Buoy  44004 

•  Buoy  44008 

•  Buoy  44009 

•  Buoy  44011 

•  Buoy  44012 

.  •  C-MAN  Station  DSLN7 

•  C-MAN  Station  CHLV2 

•  C-MAN  Station  BIJZM3 

3.  MiniMet  Buoys 

•  Station  MET-l 

•  Station  MET-3 
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Appendix  B:  Directional  Wave  Spectra  from  SWADE  Buoys 

Plots  of  the  directional  wave  spectra  and  the  corresponding  one-dimensional  frequency 
spectra  are  presented  in  this  appendix  for  buoys  D-North,  D-£ast,  D-Central,  and  CERC 
(44014)  every  3  hr  from  25  February  1990,  00:00  GMT  to  9  March  1991,  00:00  GMT. 

Two-dimensional  wave  spectra  are  plotted  in  polar  coordinates  with  five  equally  spaced 
contours  between  the  maximum  of  log[F(/,  5)]  andlog[f’(/,  5)]  =  -1.25.  Each  plot  presents 
a  directional  wave  spectrum,  its  corresponding  one-dimensional  frequency  spectrum,  E{f)  = 
/  F{fy  6)  dd  and  a  vector  of  the  prevailing  wind  direction.  The  frequency  axis  ranges  from 
0  to  0.4  Hz  with  concentric  circles  every  0.1  Hz.  The  top  header  of  the  directional  wave 
spectral  plot  identifies  the  buoy  station,  date  and  time  in  GMT.  The  bottom  header  provides 
the  wind  speed  and  wind  direction  (from)  measured  clockwise  from  north,  as  well  as  the 
mean  and  peak  wave  directions  (towards).  The  header  of  the  frequency  spectrum  provides 
the  significant  wave  height  and  the  peak  period  which  is  also  marked  (dajshed  line)  on  the 
plot. 
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Hs/Tp  =  2.69m  /  9s 


W:  11/17;  md/pd=  261/320 


Frequency  Hz 


Discus-E  25-02-91  15:00  Z 


W:  9/33;  md/pd-  259/250 


AppMKfx  B  Diractiony  Wav«  Spectra  tram  SWADE  Buoys 


Hs/Tp  =  2.25m  /  7.1s 

5i - ^ - 


Frequency  Hz 

B39 


Hs/Tp- 2.19m  /  7.66 


Hs/Tp-  1.71m  /  7.6s 


Hs/Tp=  1.85m  /  7.6s 


DIscus-E  26-02-91  03:00  Z  Hs  /  Tp  -  1 .9m  /  7.6s 


W:  6/51 ;  md/pd-  245/245  Frequency  Hz 


Discus-E  26-02-91  06:00  Z  Hs  /  Tp  =  1 .73m  /  8.3s 


W:  5/56;  md/pd^  256/260  Frequency  Hz 


Discus-E  26-02-91  09:00  Z  Hs  /  Tp  =  1 .65m  /  8.3s 


W:  4/77;  md/pd-  262/265  Frequency  Hz 

AppMKfx  B  Oiractiaiwl  Wave  Spedm  itom  SWADE  Buoys 


B41 


E(f)  m''2/Hz  E(f)  m''2/Hz 


Hs/Tp- 1.56m  /  7.18 


Hs/Tp=  1.9m  /  7.6s 


Hs/Tp=  1.77m  /  7.6s 


Discus-E  26-02-91  21:00Z 


-0.4  -0.2  0  0.2 

W:  9/358;  md/pd-  242/245 


Discus-E  27-02-91  00:00  Z 


W:  8/349;  md/pd«  235/240 


Hs/Tp«  1.72m  /  7.6s 


Hs/Tp=  1.99m  /  8.3s 


Discus-E  27-02-91  03:00  Z 


Appandbc  B  DiraciiorMl  Wave  Spedn  from  SWAOE  Buoys 


B43 


■  _'’■'  y..:  iJ* 


,j..  .  1'  i.^-  Jc!5r'K?. 


Discus-E  27-02-91  06:00  Z 


W:  14/316;  md/^d*  173/160 


Discus-E  27-02-91  08:00  Z 


0.4 


°-S.4  -0.2  0  0.2 


W:  13/323:  md/pd«  170/145 


Hs/Tp«  2.28m  /  6.2s 


Hs/Tp  =  2.4m  /  5.8s 


Discus-E  27-02-91  12:00  Z 


W:  13/311;  md/pd- 142/140 


Hs/Tp  =  2.87m  /  6.6s 


Appsndbc  B  Direclional  Wave  Spectra  Irom  SWADE  Buoys 


B44 


DIscus-E  27-02-91  21 :00  Z  Hs  /  Tp  =  2.29m  /7.1s 


W:  12/312;  md/fxl- 135/135  Frequency  Hz 

AppwNfx  B  OiraeltotMil  Wav*  Spadra  tam  SWAOE  Buoys 


B45 


Discus-E  28-02-91  00:00  Z 


/  . 

.  /  I  \ 


.4  -0.2  0  0.2 

W:  10/294:  md/pd*  121/125 


Discus-E  28-02-91  03:00  Z 


-0  4' - ^ — - - ' 

-0.4  -0.2  0  0.2 

W:  10/273;  md/pd-  109/110 


Discus-E  28-02-91  06:00  Z 


1.4  -0.2  0  0.2 

W:  10/262:  md/pd-  100/80 


Hs/Tp- 2.03m  /  6.6s 


0.2  0.4 

Frequency  Hz 


Hs/Tp=  1.77m  /  5.8s 


0.2  0.4 

Frequency  Hz 


Hs/Tp=  1.63m  /  5.2s 


0  0.2  0.4 

Frequency  Hz 

Appencfx  B  Directional  Wave  Spectra  from  SWADE  Buoys 


B46 


Discus-E  28-02-91  09:00  Z  Hs  /  Tp  =  1 .97m  /  5.5s 


W:  12/276;  md/pds  85/70  Frequency  Hz 


Discus-E  28-02-91  12:00  2  Hs/Tp  =  2.38m  /  6.6s 


W:  4/314;  md/pd-  74/55  Frequency  Hz 

Appsndbc  B  Oii*clioiwl  Wave  Spectra  from  SWADE  Buoys  B47 


Discus-E  01-03-91 


Hs/Tp-  1.79m  /  5.5s 


‘°-S.4  -0.2  0  0.2 

W:  10/281 ;  md/pd«  55/55 


4  ^.2  0  0.2 

0  0.2 

W:  1 1/244;  md/pd«  42/45 

Frequency  Hz 

Discus-E  01-03-91  06:00  2 

Hs/Tp  =  2.04m  /  5.8s 

0.2 

Frequency  Hz 


Discus-E  01-03-91  09:00  Z 


Hs/Tp=  1.73m  /  6.2s 


.Qdl - - - - - 1—-^ - - - 1 

-0.4  -0.2  0  0.2 

W:  6/286;  rnd/pd^  41/30 

Appmcix  B  Diraction*l  Wave  Spectra  from  SWADE  Buoys 


0.2 

Frequency  Hz 


B49 


ZH/2vUi  0)3  2H/3vUi  0)3  zh/ZvUJ  0)3 


Hs/Tp-  1.49m  /  6.66 


Hs/Tp«  1.13m  /  6.2s 


Hs/Tp*  1.27m  /  5.8s 


AppMKfx  B  Dnctional  Wav*  Spedm  frem  SWADE  Buoys 


Discus-E  01-03-91  21;00Z  Hs/Tp»  1.14m  /  5.8s 


W:  5/200:  m<l/pd=  348/0  Frequency  Hz 


Discus-E  02-03-91  00:00  Z  Hs  /  Tp  =  1 .02m  /  6.2s 


W:  8/1 74:  md/|xl»  349/20  Frequency  Hz 


DIscus-E  02-03-91  04:00  Z  Hs  /  Tp  =  1 .75m  /  5.8s 


W:  9/1 90:  md/jpd-  352/355  Frequency  Hz 

Appwidx  B  Oiradioml  Wave  Spadra  from  SWADE  Buoys  B51 


Discus-E  02-03>91  06:00  Z  Hs  /  Tp  -  2.03m  /  6.28 


W:  1 2/1 88;  md/pd^  353/0  Frequency  Hz 


Discus-E  02-03-91  09:00  Z 


W:  12/194;  md/pd»  353/340 


Hs/Tp  =  2.92m  /  7.6s 


Frequency  Hz 


Discus-E  02-03-91  12:00  Z 


W:  14/188;  md/pd-  357/0 


Hs/Tp*  3.7m  /  8.3s 


Frequency  Hz 

Appencfx  B  Ovedionai  Wave  Spectre  from  SWAOE  Buoys 


B52 


Discus-E  02-03-91  15:00  Z 


Hs/Tp- 4.59m  /  10s 


0.4 

- •  ■  , 

.1  .  '  ■ 

\  1  ' 

0.2 

V.  '  ^ 

0 

>.  /  1  \  N. 

/  (A  / 

-0.2 

^  ./  ,  N-  , 

•..  /■  •■■  x 

■/••4  ...  A 

./  1  .  . 

4  -0.2  0  0.2 

W:  15/193;  mcl/pd«  358/345 


Frequetx^  Hz 


Discus-E  02-03-91  18:00  Z 


W:  9/21 1:mc[/pd=  5/5 


Discus-E  02-03-91  21:00Z 


Appcndbc  B  Oinciiorwi  Wav«  SpMtra  from  SWADE  Buoys 


Frequency  Hz 


Hs/Tp» 4.06m  /  10s 


B53 


DIscus-E  03-03-91  00:002 


Hs/Tp- 3.62m  /  lOs 


^4.4  -0.2  0  0.2 

W:  1 1/245;  md/pd-  358/340 


UJ  4  I  1 

2  '  \a 

qL  /:  I 

0  0.2  0.4 

Frequency  Hz 

Afjpwxix  B  OiTBCtional  Wav«  Spectra  ftrom  SWADE  Buoys 


B54 


Frequency  Hz 


Hs/Tp  =  3.13m  /  9s 


Frequency  Hz 


Hs/Tp«  2.73m  /  9s 


Discus-E  03-03-91  18:00  2 


W:  7/154;  m(l/pcl=  337/335 


Hs/Tp- 2.78m  /  98 


Frequency  Hz 


Discus-E  03-03-91  21:00  2 


W:  6/202;  md/pd-  333/330 


Hs/Tp  =  2.64m  /  9s 


Frequency  Hz 


Discus-E  04-03-91  00:00  2 


W:  12/177;  md/pd-  338/330 


Hs/Tp -2.94m  /  9s 


Frequency  Hz 

AppwKlx  B  Dhvciional  Wave  Spectra  from  SWADE  Buoys 


B56 


Discus-E  04-03'91  03:00  Z 


Hs/Tp«  3.42m  /  8.3s 


Discus-E  04-03-91  06:00  Z 


Hs/Tp  =  4.07m  /  9s 


Discus-E  04-03-91  09:00  Z 


-0.4  -0.2  0  0.2 

W:  12/237:  md/jDd- 11/20 

AppMKfx  B  DiracHoiMl  Wave  Spedm  from  SWADE  Buoys 


Frequency  Hz 


B57 


91  12.t)0Z 


40 

30 

N 

e20 

0 

UJ 

10 

0 


Hs/Tp- 5.36m  /  11.18 


W:  15/226;  md/pd^  6/20 


0.2  0.4 

Frequency  Hz 


Discus-E  04-03-91  15:00  Z 

- - 

.  ...  I  .  ' 


■0^  ^  /  ;  \ 


-0.4  -0.2  0  0.2 

W:  16/234;  md/pda  6/355 


30 

25 

g20 

1 15 
S 

UJ  10 


Hs/Tp  a  4.82m  /  11.1s 


0.2  0.4 

Frequency  Hz 


Discus-E  04-03-91  18:00  Z 


Hs/Tp  a  5.87m  /  12.5s 


W:  15/242;  md/pda  3/355 


e20 

o 

UJ 

10 


0  0.2  0.4 

Frequency  Hz 

AppwKfx  B  Diractional  Wave  Spadra  trom  SWADE  Buoys 


B58 


Discus-E  04-03-91  21: 


00  Z 


W:  1 1/259:  md/jxls  355/340 


Discus-E  05-03-91  00:00  Z 


W:  10/272;  md/pd-  352/345 


Discus-E  05-03-91  03:00  Z 


W:  8/312;  md/pd-  349/340 

Appsndx  B  Diractional  Wave  Spectia  Inm  SWAOE  Buoys 


Hs/Tp»  5.55m  /  12.5s 


Hs/Tp- 5.12m  /  12.5s 


Frequency  Hz 


Hs/Tp  =  4.18m  /  11.1s 


Di8CU8-E  05-03-91  06:00  Z 


^4.4  -0.2  0  0.2 

W:  8/313;  md/pcl-  346/335 


Hs/Tp- 4.06m  /  11.18 


Discus-E  05-03-91  09:00  Z 


W:  9/313;  md/^  348/330 


Hs/Tp»  3.63m  /  12.5s 


Frequency  Hz 


Discus-E  05-03-91  12:00  Z 


.4  -0.2  0  0.2 

W;  7/304;  md/jxi-  349/340 


Hs/Tp  =  3.79m  /  11.1s 


B60 


Discus-E  05-03-91  15:00  Z 


r"  \..- 

-0.2  0  0.2 
W:  8/318;  md/pd»  344/335 


Discus-E  05-03-91  18:00  Z 


W:  8/322;  mcl/0Gls  340/330  Frequency  Hz 


Discus-E  05-03-91  21:00Z 


W:  5/333;  md/pd-  338/330 

Ainncfx  B  Diraclioml  Wave  Spadra  from  SWADE  Buoys 


Hs/Tp*:  2.67m  /  11.1s 


Discus-E  06-03-91  03:00  Z  Hs  /  Tp  2.04m  /  10s 


W:  3/309;  md^xk  333/335  Frequency  Hz 


Discus-E  06-03-91  06:00  Z 


W:  2/299;  md/pd-  336/340 
B62 


Appendx  B  Oireclional  Wave  Spedia  llrom  SWADE  Buoys 


W;  3/21 4:  mcl/pd=  324/325  Frequency  Hz 


Discus-E  0&03-91  18:00  Z 


W:  8/197;  md/0cl>  316/315 


Discus-E  06-03-91  21:00  2 


Hs/Tp-  1.8m  /  10s 


Frequency  Hz 


Hs/Tp -2.05m  /  10s 

6| - 


Frequency  Hz 


Discus-E  07-03-91  00:00  Z  Hs/Tp  -  2.61m  /10s 


W:  1 1^18;  md/pd-  348/315  Frequency  Hz 

Appandh  B  Dbadional  Wav*  SpacM  Irom  SWADE  Buoys 


B64 


Discus-E  07-03*91  03:00  Z  Hs  /  Tp  «  2.48m  /  6.6s 


W:  14/226;  md/pds  5/25  Frequency  Hz 


W:  14/268;  md/^  20/30  Frequency  Hz 

AppwKb  BOimclional  Wave  Spedn  fnm  SWADE  Buoys 


B65 


Discus-E  07-03-91  15:00  Z  Hs  /  Tp  =  3.37m  /  9s 


W:  12/295;  md/pds  30/30  Frequency  Hz 


Discus-E  07-03-91  21 :00  Z  Hs  /  Tp  -  2.29m  /  9s 


W:  10/333;  md/pds  27/345  Frequency  Hz 


Discus-E  08-03-91  03:00  Z  Hs/Tp^  1.89m  /  5.8s 


B67 


W:  8/345:  md/pd=  137/135 


Discus-E  08*03-91  09:00  Z  Hs  /  Tp  «  2.03m  /  7.1s 


DiscuS'E  08*03-91  12:00  Z  Hs/Tp^  2.11m  /  6.6s 


W:  8/344;  md/jxl-  159/145  Frequency  Hz 

Appandbc  B  DirMNonal  Wave  Spedm  Imn  SWADE  Buoys 


B68 


Discus-E  08*03’91  15:00  Z 


Discus-E  08-03-91  18:00  Z 


W:  9/337;  md/^x1»  171/155 


Discus-E  08-03-91  21:00Z 


W:  10/348;  md/|pd-  164/145 

AppwNfx  B  OineliOfMl  W«ve  SpMtm  Inani  SWAOE  Buoy* 


Hs/Tp-  1.89m  /  7.6s 


Hs/Tp=  1.72m  /  7.1s 


Hs/Tp  -  1.77m  /  6.6s 


B69 


Di8CU8-E  09-03-91  00:00  Z 


Hs/Tp-l.TSm  /  6.66 


W:  11/340;  md/pd-  166/155 


Discus-E  09-03-91  03:00  Z 


W:  1 1/344;  md/pd-  165/160 


Discus-E  09-03-91  06:00  Z 


■°^.4  -0.2  0  0.2 

W:  10/353;  md/pd-  168/165 


Hs/Tp=  1.94m  /  6.6s 


Hs/Tp=  1.82m  /  5.8s 


B70 


Di8CU8<C  25^-91  00.-00  Z 


Hs/Tp- 2.68m  /  7,68 


4  -0.2  0  0.2 

W:  10/25;  md/pd*  252/245 

0  OZ 

Frequency  Hz 

Discus-C  25-02-91  03:00  Z 

Hs/Tp* 2.95m  /  8.3s 

W:  10/18;  md/pd^  257/285 


Frequency  Hz 


Discus-C  25-02-91  07:00  Z 


Hs/Tp  =  2.49m  /  7.1s 


/  .  ^ 

.,/  r  \.- 


■°4.4  -0.2  0  0.2 

W;  10/2;  md/pd-  260/245 


U  U.4£  U.4 

Frequency  Hz 

Appwidbc  B  Diractional  Wave  Spedra  tram  SWADE  Buoys 


B72 


Discus-C  25-02-91  12:00  2  Hs  /  Tp  =  2.54m  /  7.1s 


W:  10/1 1 ;  md/pds  246/245  Frequency  Hz 


Discus-C  25-02-91  15:00  Z  Hs  /  Tp  »  2.49m  /  7.6s 


W:  9/7;  md/lxU  239/245  Frequency  Hz 


Anandx  BDiraoliotiil  W«v«  SpMirafrom  SWADE  Buoys 


B73 


B74 


Discu8-C  26-02-91  04:00  Z 


W:  6/18:  rnd/ixt  247/245 


Discus-C  26-02-91  06:00  Z 


.  ..i.i  /  ■ 

0.2 

••  V.  -  >. 

>  ^  A  ^  V 

0 

-0.2 

4  -0.2  0  0.2 

W:  7/13;  mcl/|xl»  254/250 


Discus-C  26-02-91  09:00  Z 


0.4 

- 1  )  - 

■  .  i-i  ' 

•  v  .•  V. 

0 

-0.2 

f\  A 

/  '  \ 

•  /  f 

_ ■  .  1  _ 

^-3.4  -0.2  0  0.2 

W:  8/12;  md/pd«  289/275 

AnaOTdbi  BOinKtionalWtaMSpMltaltamSWAOE  Buoys 


Hs/Tp- 1.75m  /  8.3s 


Hs/Tp«  1.81m  /  7.6s 


Hs/Tp« 2.06m  /  9s 


B75 


Di8cu8-C  26-02-91 1 1 :00  Z 


Discus-C  26-02-91  21: 


Hs/Tp- 2.05m  /  6.6s 


../  '  N. 

.O4I - ■  . .  I - - 

-0.4  -0.2  0  0.2 

W:  10/329;  mcl/pd>  229/245 


0.2 

Frequency  Hz 


DIscus-C  27-02-91  03:00  Z  Hs  /  Tp  »  2.25m  /  8.3s 


W:  10/318;  md/pd-  215/250  Frequency  Hz 

Apptndbc  BOiracHotMl  Wave  Spectra  tram  SWAOE  Buoys 


B77 


Discu8-C  27-02*91  07:00  2 


W:  12/304;  md/pd»  181/160 


Oiscus-C  27-02-91  10:00  Z 


W:  12/310;  md/txl-  160/145 


Discus-C  27-02-91  12:00  2 


W:  14/315;  md/jpcl- 147/135 
B78 


Hs/Tp- 2.04m  /  5.56 


Hs  /  Tp  =  2.4m  /  5.8s 


Frequency  Hz 

ApphkSx  B  Diractionai  Wava  Spactta  tam  SWADE  Buoys 


Discus-C  27-02*91  15:00  Z 


Hs  /  Tp  =  2.57m  /  6.6s 


W:  12/302;  md/pd=  145/145 


Discus-C  27-02-91  18:00  Z 


W:  10/277;  md/pd=  141/140 


D^us-C  27-02-91  21 :00  Z 


W:  9/287;  md/pd- 113/65 

Appancix  B  MictioiMl  Wave  Spedm  trom  SWAGE  Buoys 


Hs/Tp=  1.87m  /  5.8s 


Hs/Tp=  1.72m  /  5.5s 


B79 


Di8CU8<C  28-02-91  OO.'OO  Z 


^^.4  -0.2  0  0.2 

W:  6/277;  mcl/pd=  107/90 


Discus-C  28-02-91  03.00  Z 


.4  -0.2  0  0.2 

W:  8/243:  mcl/pd=  132/75 


Discus-C  28-02-91  06:00  Z 


Oh  -  -  - 


■0-2 

/  .  A 

■  t  f 

'°i.4  -0.2  0  0.2 

W:  1 1/234;  md/pd- 65/55 


Hs/Tp-1.35in  /  5.28 


1 


0  0.2  0.4 

Frequency  Hz 


Hs/Tp  =  0.98m  /  4.7s 


I  0.4 


0  0.2  0.4 

Frequency  Hz 


Hs/Tp«  1.31m  /  4.3s 


< 

E 

c* 

uro.5 


0  0.2  0.4 

Frequency  Hz 

AppWKix  B  Diredional  Spactta  Iram  SWADE  Buoys 


880 


DiscuS'C  28-02-91  09:00  Z  Hs  /  Tp  -  1 .59m  /  5.; 


W:  1 1/237;  mcl/pd>  54/50  Frequency  Hz 


Discus-C  28-02-91  1 2:00  Z  Hs  /  Tp  >  1 .46m  /  5.2s 


W:  9/262;  mcl/pcl»  60/55  Frequency  Hz 


Discus-C  28-02-91  15:00  Z 


W:  3/284;  md/pd-  26/240 

AppwNfx  BDimetianil  Wave  Spwtia  tram  SWAOE  Buoys 


Hs/Tp«  1.24m  /  10s 


Frequency  Hz 


B81 


H8/Tp- 1.02m  /  108 


Hs/Tp  =  1.13m  /  10s 


Frequency  Hz 


Hs/Tp-i  1.54m  /  5s 


Frequency  Hz 

B  Diivclional  Wave  Spadn  from  SWAOE  Buoys 


Hs/Tp-  1.59fn  /  11.1s 


Discus-C  01-03-9106:00  2 


W:  10/240;  md/pd=  0/245 


Discus-C  01-03-91  09:00  2 


W:  7/242;  md/pd-  295/250 

AppwKlx  B  Dtadional  VImn  SpMtm  tnam  SWADE  Buoys 


Hs/Tp  =  1.12m  /  10s 


Frequency  Hz 


Hs/Tp® 0.86m  /  11.1s 


Frequency  Hz 

B83 


W:  4/1 73;  md^«  314/335  Frequency  Hz 


B84 


Apptndbc  B  Dkactional  Wav*  Spoeba  tom  SWAOE  Buoys 


Discus-C  01-03-91  21:00Z 


Hs/Tp«  0.92m  /  10s 


Discus-C  02-03-91  00:00  Z 


Hs/Tp«  1.06m  /  9s 


Discus-C  02-03-91  03:00  Z 


W:  9/184;  md/pd-  331/340 


Hs/Tp»  1.33m  /  4.1s 


AiapMKix  B  Diraclional  Wav«  Spactni  tram  SWADE  Buoys 


B85 


W:  1 0/1 74;  mcl/pcl=  329/330  Frequency  Hz 


Oiscus-C  02-03-91  09:00  Z  Hs/Tpe  2.65m  /  7.6s 


W:  1 3/1 80;  md/pd«  343/340  Frequency  Hz 

B86  Apptndbi  B  Dimclional  Wm  Spacira  Irani  8WADE  Buoys 


Discus-C  02-03'91  15:00  Z 


Hs/Tp«  3.61m  /  9s 


4  -0.2  0  0.2 

0  0.2 

W:  8/217:  md/pdrn  349/335 

Frequency  Hz 

Discus-C  02-03-91  18:00  Z 

Hs/Tp-3.6m  /  10s 

W:  9/193;  mcl/pd«  344/335 


Frequency  Hz 


Discus-C  02-03<91  21:00Z 


Hs/Tp- 3.31m  /  10s 


^.4  -0.2  0  0.2 

W:  6/271 ;  m6/p6»  340/335 

AppmCx  BOinctiamlWatftSptetra  from  SWAOE  Buoys 


0  0.2 

Frequency  Hz 


Di8CU8-C 


Dtecu8-C  03^91 18:002 
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Appendix  C:  Custer  Diagrams  of  Surface  Current  Fields 

Daily  maps  of  the  surface  current  fields  from  FNOC  are  presented  in  this  appendix 
beginning  at  25  February  1991,  00:00  GMT  to  9  March  1991,  00:00  GMT.  Note  that  the 
fields  on  8  March  1991  were  not  available  and  therefore  were  linearly  interpolated. 
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Appendix  D:  Custer  Diagrams  of  Wind  Fieids  and  Wave 
Hindcasts 

Maps  of  the  wind  vector  fields  (Custer  diagrauns)  and  corresponding  wave  height  hind- 
casts  with  the  ocean  wave  model  “WAM”  are  presented  in  this  appendix  for  six  different 
wind  field  specifications.  Each  wind  field  Custer  diagram  presents  the  maximum  wind 
speed  for  this  time.  The  vectors  of  the  wave  height  Custer  diagram  correspond  to  mean 
wave  direction  as  computed  by  the  WAM  model.  Contours  of  the  wave  heights  are  given  in 
meters. 
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Appandbi  D:  Cusl«r  Oiaorams  of  Wind  FMdB  and  Wave  Hindcaate 


D.1:  Ooeanweather/Atmospheric  Environment  Service  (OW/AES) 

Custer  diagrams  are  presented  for  the  time  period  from  24  February  1991, 12:00  GMT 
to  9  March  1991,  00:00  GMT  of  the  wind  fields  and  corresponding  wave  hindcasts. 
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AppendK  D  Cuetsr  Diagnm  of  Wind  fMdB  and  Wave  Hindcasis 
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Appancfx  D  Custer  Diagrams  of  Wind  fields  and  Wave  Hindcasis 
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D^:  Fleet  Numerical  Oceanography  Center  (FNOC) 

Custer  diagrams  are  presented  for  the  time  period  from  24  February  1991, 12:00  GMT 
to  9  March  1991,  00:00  GMT  of  the  wind  field  and  corresponding  wave  hindcasts. 


Appsmix  D;  CuMr  Diegnuns  of  Wind  FMds  and  Wave  HMcasts 


D17 


Wave  Meld 


AppwKfx  D  CucMf  Diagrams  of  Wind  fiekte  and  Wave  Hindcasts 
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AppWKfx  D  CuBter  Oiaonuns  of  Wind  lieldB  and  Wave  Hindcasts 


AppwKix  D  Cutter  Diagram  Of  VVMMdB  and  Wave  Hindcam 
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Appandbi  D  Cutler  Oiagnuns  of  Wind  Mds  and  Wave  Hindcasts 
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D.3:  European  Centre  for  Mediuni'Range  Weather  Forecasts  (ECMWF) 

Custer  diagrams  are  presented  for  the  time  period  from  24  February  1991,  12:00  GMT 
to  9  March  1991,  00:00  GMT  of  the  wind  fidd  and  corresponding  wave  hindcasts. 
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Appencix  D  Custer  Diaomms  of  Wind  fioMs  end  Wave  Hindcasts 
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AppancSx  D  CuMr  Oiagnum  ol  Wind  fields  and  Wave  Hindcasis 
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Appencfx  D  Custer  Oiaorams  of  Wind  fieUs  and  Wave  Hindcasis 
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AppencSx  D  Custer  OiaorBins  of  Wind  fieUs  and  Wave  Hindeasts 


Appsndbc  D  CuBler  Diagrams  ot  Wind  Mds  and  Wave  Hindcasts 
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D.4:  National  Meteorological  Center  (NMC) 

Custer  diagrams  are  presented  for  the  time  period  from  24  February  1991, 12:00  GMT 
to  7  March  1991,  12:00  GMT  of  the  wind  field  and  corresponding  wave  hindcasts.  Note 
that  all  wind  fields  for  8  March  1991  were  not  available  and  the  shown  fields  were  computed 
from  linear  interpolation. 
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Appandn  D  Custer  Diagmms  ol  Wind  fieMs  and  Wave  Hindcasts 
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AppencSx  D  Custer  Oiegrems  of  Wind  fieldB  and  Wave  Hindcasis 
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AppwidR  D;  Custer  Diagrems  ol  Wind  Fields  and  Wave  Hindcasts 


D.S:  NASA  Goddard  Space  Flight  Fadtity  (GSFC) 

Custer  diagrams  are  presented  for  the  time  period  from  24  February  1991,  12:00  GMT 
to  8  March  1991,  12:00  GMT  of  the  wind  field  and  corresponding  wave  hindcasts.  Note 
that  the  wind  field  for  8  March  1991, 12:00  GMT  was  not  available  and  the  shown  field  was 
computed  from  linear  interpolation. 
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Appencix  D  Custer  Diagrams  o(  Wind  fieldB  and  Wave  Hindcasts 
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Appencfx  D  Custer  Diagrams  of  Wmi  fields  and  Wave  Hindcasts 
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D.6:  United  Kingdom  Meteoroiogicai  Office  (UKMO) 

Custer  diagrams  are  presented  for  the  time  period  from  24  February  1991,  12:00  GMT 
to  9  March  1991,  00:00  GMT  of  the  wind  field  and  corresponding  wave  hindcasts.  Note 
that  the  wind  fields  for  27  February  1991,  00:00  -  12:00  GMT  were  not  available  and  the 
shown  fields  were  computed  from  linear  interpolation. 
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Appencix  D  Custer  Diagrams  of  Wind  fieldB  and  Wave  Hindcasts 
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AppencSx  0  Custer  Oiegrains  of  Wind  fMcfe  and  Wave  Hindcasts 
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Appendix  E:  Infrared  Imagery  of  Sea  Surface  Temperature 

Color  images  of  sea  surface  temperature  from  NOAA-10  are  presented  in  this  appendix 
for  selected,  mostly  cloud-free  days  over  the  SWADE  domain.  Spatial  resolution  is  approx¬ 
imately  1  km  and  the  accuracy  of  the  temperature  field  is  about  0.125  °C  from  pixel  to 
pixel. 
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